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FIG. 4 J,R/3 attempts to cancel the local components of a predrawn 
ngure (a); to reproduce the figure (by. and to draw the figure and then 
cancer Its local components (c). 

even when focal attention cannot be automatically direaed to 
local components on the left of a global figure, J-R.'s neglect is 
thus neither purely perceptual nor purely motor; it rather arises 
from an input-deficit to a 'premotor* mechanism'** committed to 
the exogenous control of focal attention. Lesions that 'disrupt 
the cross-talk between inferior posterior areas' can reduce or 
eliminate interactions between ^obal and local processing ■ 
Whether this disruption in J.R. is due solely to her right hemi- 
sphere lesion (or also implicates her left thalamic infarct) is 
unclear. One fdrther problem renaains: why is J.R. unaware of 
the discrepancy between her global percepts and local actions? 
The process of local completion can mask perceptual incongruity 
but carmoi then control appropriate manual output. J.R, can 
perceive the whole forest but cannot use that percept to search 
for and cut down the trees on the left thereof. □ 
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Alzheimeits diseaaa (AD) is die most conunon cause of progress^ 
ive mteDectnal failure In aged himiflDS. AD brains contain nnmer- 
oiB amybid plaques sarroaiideil by dystrophic neorites, and sbow 
profdund synaptic Ibsa, neurofibrilLftry tangle fomution and 
glio^ Tbe anqioid plaiqaes are composed of amyloid p-^peptide 
(An, a 40-42^niitt»'acid fr^ment of the p-amyloid precursor 
protein (APP)'- A primary patiiogenic role for APP/Ap is sug- 
gested by missense mutadons in APP tl^r are dghtiy iinked Co 
^Hffff ffmal dooiioant forms of AD". A major obstacle to elucidat- 
ing and treating AD has been the lack of an animaJ model. Animals 
tran^enle for APP have previously failed to show extensive AD- 
type oenrvpatfaology^^^ hot we now report tbe production of 
transg^iic mice that express liigb levels of luunan matant APP 
(with valme at residue 717 substituted by pheaylalanine) and whi h 
progressively develop many of the pathological hallmarks of AD» 
including nmnerous extraceUolar tbioflavin S-posftive Ap deposits, 
neuritic plaques^ synaptic loss, astrocytosis and microgliofiis. These 
mice »ipport a primary role for APP/Ap in the genesis f AD 
and could provide a precHnical model for testing therapeutic driig?. 

Transgenic mice were generated using a plaiclct-derived 
growth factor (PDGF)-^ promoter" driving a butnaa APP 
(hAPP) minigene encoding the APP^iiv^p miiialion associated 
with familial AD*^ {PD-APP; Fig. !c). The constnict contained 
APP inirons allowing alternative splicing of exoos 
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Rg^ 1 analyste of app expression in 
Drain tissue of pti-app transgarilc 
rpice. a. Map oi the APP construct 
(PtVAPP) minlgene used to generaie 
transgenic mice (not to scale). The 
construct contains trie POGF ^-chain 
promoter, fulMength hAPP cDNA 
encoding the Val*to-Phe mutation at 
codon 717. and the inetusion of gen- 
mlc sequences for hAPP introns 
&-a b, RT-PCH analysis demon- 
strates the presence of Iraroscripts 
encoding the 695. 751 and 770 Iso- 
fbnms of hAPP in transgenic animal 
brains (+) but not In brains from non- 
transgenlc littermates (-). Control 
reactions using human brain RNA (H) 
as well as cONA clones encoding 
hAPP 695. 751 or 770 ere atso 
sKov/n. M, Markers (calibration in 
bp), c. fmmunoblot analysis of total 
APP expression (human and mouse) 
In transgenic mouse (+) and control 
littermate (*) brain tissue using s C- 
termlnal APP antibody, a& d. 
Human-specific APP expression in 
brain t^ue from a 6-nrionth-old non- 
transgenlc littermate (lane 1), trans- 
genic mouse (lane 2) or human aD 
cortex (lane 3) usir^g immunobfotting 
with the human-specffic APP anti- 
body 8E5. e, Immunoprecipitation and immunoblot analysis of A^ from 
the brain tissue of a 9*month-oid non-transgenic lUermate (lane 1) and 
a 9-month-oid transgenic mouse (lane 2). 

METHODS. The PCX3F ^-chain 5' flanking sequence Included 1.3 kb 
upstream of the transcription initiation site and ^70 bp of 5' untrans- 
lated region, ending at the Aufi\ site^^, The ^-APP sequences were 
derfved from human ^-APP cONA starting with the Nrul site In axon 1 
through to the end of exon 6 and from the beginning of exon 9 through 
to exon 18, including the 3' untranslated sequence ending at the Sph\ 
site, and from human genomic sequences from exons 6-9, including 
all Intervening Introns, To imroducethe familial AD mutation at position 
717, Val was mutated to Phe (G to t. i^ing the P-^lect mutagenesis 
kit: Promega). The late SV40 pofyadenylation signal was provided by 
the 240^bp fiamHI to 6c/l fragmenL Plasm id sequences (pUQ were 
removed by Sacl and Nan, digestion before microinjection. Transgenic 
mice were generated using stanaard techniques", except that PD-APP 
DMA was microinjected Into the embryos at the two-cell stage. Seven 
founder mice were generated and line 109 was used for extensive 
analysis. RNA was isoiated from brain t^ue as deserlbed^^ and sub- 
jected to RT.PCR as described** using human-specific APP primers (5'- 
CCGATGATGACGAGGACGAT-3'. 5'-TGAACACGTGACGAGGCCGA-3') with 
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the following PGR conditions: M cycles of 1 min at 94 *'C ^ s at 60 °C. 
50 s St 72 "C The identities of the hurnan APP RT-PCR bands from the 
transgenic mouse RNA were verified by subdoning and sequencing. 
Analysis of hoto^P involved brain homogenizatlon in 10 volumes of 
PBS containing 0.5 mM EDTA, lOpgrnl'^ leupeptln and 1 mM PMSF. 
Samples were spun at 12,000g for 10 min and the pellets resuspended 
in RlPA (150 mM NaD, 50 mM Tris. pH 8.0. 20 mM EDTA, 1.0% deoxy- 
chelate, Lo% Triton X-100. 0^% SDS. 1 mM PMSF and lOMgml"* 
leupeptln (d)). Samples (each containing 30>ig total protein) were 
analysed by SOS-PAGE, transferred to tmmobilon and reacted with 
either the hoto-APP antibody. a6 (ref. 22). or 8E5 monoclonal antibody. 
8£5 was prepared against a bacterial fusion protein encompassing 
hAPP residues 444^92 (ref. 22) and is humarhspeclfic showing essen- 
tially no crossreactivlty against ntouse APP (d. lane 1). For immunoblot 
analysis of A^ (a), a 9'month-old mouse brain was homogenized In 
5 nil 6 M guanldlne HCI. 50 mM Tr^ pH 7.5. The homogenate was 
ceri^fuged at lOO.OOOg for 15 min and the supernatant was diatysed 
aplnst HzO overnight adjusted to PBS with 1 mM PMSF and 25 Mg rril'^ 
leupeptln. This nr^terlai was Immunoprecipated with antibody 266 
resin, and Immunoblotted with the human-specific A^- antibody, 6C6. 
as described^^ 



We used only heterozygous animals. Southern analysis of 104 
from four generations showed that ^40 copies of the transgcnc 
were inserted at a single site and trat^smitted in a stable manner 
(data not shown). Human APP messenger RNA was produced 
in several tissues of the transgenic mouse, but at especially high 
levels in brain (not shown). RNase protection assays revealed 
•^18-fold more APP expression in the brains of line 109 animals 
than in most previously described lines expressing neuron-speci- 
fic enoiase (NSE)-pTomoicr-drivcn APP transgcncs (not shown; 
refs 4. 8-10). In addition, the three major splidng variants of 
hAPP mRNA (695. 751, 770)' were expressed in the transgenic 
mice, as evidenced by reverse-transcriptase polymerase chain 
reaction (RT-PCR) (Fig, lb). Immunoblot analysis of brain 
homogenates using cither a holo-APP polyclonal antibody or a 
human-specific APP monoclonal antibody revealed hAPP over- 
expression in the transgenic m use at levels ^10*fold higher than 
either cndogen us mouse APP levels (Fig. Ic, d) or those in AD 
brain (Fig. 1^). Using human-specific A^ antibodies, we isolated 
a 4K AP-immunoreaaivc peptide from the brains of the trans- 
genic animals, which corresponds to the relative m lecular mass 
of A^ (Fig, Ic). Brain levels of Afi were at least 10-fold higher 



in line- 109 animals than in the previously described hAPP trans* 
genie mice (not shown; ref. 9). Finally, embryonie day-16 
cortical cell cultures from transgenic animals consiitutively 
secreted human Afit including a substantial fraction of Ap 1- 
42 (5ngml"' total Ap; O.Tngml"* Afi l-42)» as detected in 
media by human-specific Afi enzyme-linked immunosorbent 
assays (not shown; refs 9 and 1 3). Thus, line- 109 animals greatly 
overexpressed htunan APP zdRNA, holo^APP and A^ in their 
brains. 

Brains from 18 transgenic animals and 12 age-matched non- 
tmnsgenic littermate controls (4-13 months old) representing 
ihr^e generations of the line-109 pedigree were extensively exam- 
ined histopathologicaUy. Between 4-6 months of age (n — 7), no 
obvious pathology was detected: h wcvcr, at —6-9 m nths of 
age (n = 7), transgenic Aninialg began to exhibit deposits f 
himian A^ in th hippocampus, corpus callosum and cerebral 
cortex, but not in other brain regions. These increased with age* 
and by eight months many deposits (30-200 pm) were seen (Fig. 
2a), As the animals aged (>9 months; rt=4), the density of 
the plaques increased (Fig. 2c) until the A0*staining pattern 
resembled that of AD (Fig. 2a, inset). Robust pathol gy was 
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FIG* 2 Demonstratton of ACHtke amyloid plaques in 
PD-APP tTBnss&nie mice. Human and mouse brain 
sections were tabbied with antisarum R1280 gener- 
ated against synthetic human 1-40 peptide. H. 
Hippocampus: C ooitez; OC corpus callosum; OMU 
cuter, molecular tayer of the dentate ^rus: F. hippo- 
campal fissure. Coronal sections of the hippocampus 
and neocortex from a. an B-month^d transgenic 
mouse containing deposits (arrows), and b, a non- 
transgenic lltiermate. Inset In a, human ttesue from 
AD frontal cortex stained whh R1280. Adjacent paras- 
aggital sections from a 13-nionth-old transgenic 
mouse before (O and after (d) preincubation of the 
antibody with synthetic A/J 1-40 peptide. In c, the 
large increase in Ap was confined to the cortex and 
hippocampus. Several regions of the hippocampus 
contained densely packed A^, including the terminal 
»ne of the perforani pathway in the outer molecular 
layer of the dentate gyrus (arrowhead). Boxed areas 
1 and 2 are shown at hi^er magntficaiion in e and I 
respectively. Scale bars in a-d. 200 urn. In e. the outer 
moiecuiar layer of the dentate gyrus contained areas 
of compacted and diffuse (astertst^) plaques. The edge 
of the granule con layer is vtelble at the bottom. In f, 
a field of A^ deposits in the oralpttal cortex. Scale 
bars In e and 1 40 

METHODS. Mouse brains were removed and placed 
In TroJanowsWs fixative^ for 48 h before paraffin 
embedding. 6>ixm coronal or parasaggltal secD'ons 
from transgenic and norvtranagenic mice were placed 
adjacent to each other on polyH.-lyslne coated slides. 
Sections were deparaffinized^ rehydrated, and treated 
with 0.03% HaOa for 30 m In before overnight incuba- 
tion at 4X with a 1:1,000 dilution of the A^ antit)ody, R1280 (ref. 
24). For absorption studies, synthetic human A^ 1-40 peptide^ In 
10% aqueous dimethylsulphoxide was added to a final concentration 
of 7.0 )iJM to the diluted antibody and incubated for 2 h at 37 *a The 
diluent was applied to the sections and processed under the same 




" (irtdltH)i^ ai the standard antlbbdy 

(Vector Labs) was then used as recommended, with 3,3'-dlamirtObenzl- 
dine (DAB) 8S the chromagen. Similarly fixed human AO brain was pro- 
cessed simultaneously under Identical condiuons. ^ " ~ 



RG. 3 Morphological diversity of 
deposition in the PD-APP mouse brain. 
Roughly spherical {a), and wispy, irregular 
deposits (0). labelled with and body 9204 
CApi-5; ref, 26) specific for the free N ter- 
minus of A^. c. A0 core and surround 
labelled with antibody 277-2, specific for 
the C terminus of A^1^2. d, Astrocytic 
gliosis (arrow) associated with A^ deposi- 
tion w^s evident after double lmmunolat>- 
elling with antibodies to glial fibrillary 
addle protein (GFAP» red) and human A/I 
iAP 1-5; brown), e. A^ deposits were also 
reactive wttn thioflavin S, A compacted a^ 
core and halo' is evident in the large 
plaque. The fine background fluorescence 
represents autofluorescent lipofuscin 
granules. Scale bars, 50 iim, 
METHODS. For e-c. immunochemlstry 
was performed as described for Fig. 2. 
Antibody 9204 (to A^i^) was used at 
a concentration of 7.0iigmr\ Antibody 
277-2. specific for A^l-42 (apparent 
affinity for A^l-42=75nM versus 
>10jiM for A^i-40 by radioimmuno- 
assay competttlon), was prepared by 
immunl2lng New Zealand white rabbits 
with the peptide cysteine^aminoheptanolc 
dCtd-A^33-^2 conjugated to cationized 
BSA ( Super Carriers'; Pierce) using a typ- 
ical Immunizadon protocol (500^ per 
injfecUon). Specific antibodies were afRn- 
ity-purifled from senjm against the ImmU' 
nogen Immobilized on agarose beads. Before incubation with 277-2 
(10 Mg ml"M sections were treated for 1-2 min with 80% formic acW. 
In c. The antibody 9204 was reacted using the peroxide rabbit IgG 
kit (Vea r Labs). The product was then visualized with DAB, and the 
sections were incubated overnight at 4 with a 1:500 dilution of 
polyclonal anti^GFAP (Sigma). The GFAP antibody was reacted using 
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ina alkaline phosphatase ami-rabWi IgG kit and alkaline phospha^ 
suhstfHte kit 1. (Vector Labs; used according to the manufacturers 
recommendations). Sections were stained with thioflavin S using stan- 
dard procedures* and viewed with utlravloiei light through an FTTC filter 
of maximum wavelength 440 nm. 
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HG.;4 l^r scanning confocat images 
of human and 8-monih^ld transgenic 
rr^ouse brains, demonstrating th rela- 
tionship or extrscellutar cortical 
deposit to dystrophic neurftes and neur- 
opil abnormalrties. as well as the reduc- 
tion of synaptic density and der>d rites 
In The transgienic hippocampus^ An A^ 
deposit ana a^l'acent neuropil In an 8- 
month-old transgonlc mouse brain are 
also shown In an electron micrograph. 
In boFih human (a) and mouse (b) brains. 
A/r deposits (red) were associated with 
distorted neurttes (ON) containing syrv 
aptophystn (green). Yellow signifies 
overiep of the two markers, b. A^ Immu- 
noreactlve plaque in a transgenic 
mouse brain containing a central amy- 
loid core (AC); synaptic loss (arrowhead) 
and compression (open arrows) of the 
neuropil surrounding the amyloid depo- 
sit are also evident c, deposit (red) 
fn a transgenic nnouse brain associated 
with morphologically abnormal hAPP- 
positive neurttes (green). The magn- 
mcation for a-g is Indicated by the scale 
bar In c (20 |un). Both synaptophysin 
(red) and microtubule-assodateo pro- 
tein-2 (MAP-2: green) immuno^ining 

were reduced throughout the molecular V 
layer of the hippocampal dentate gyrus in the transgenic mouse (e, S 
compared to die non-transgenic lltiermata {d,f). h. Immunoeleetron 
micrograph of a transgenic mouse brain demormrating extracellular A^ 
deposition (A) decorated with the human-epecrflc R1280 Afi antisamm 
(outilned by arrows). A dystrophic neurits (DN) In the Immediate vicinity 
of the A^ deposit contained abundant large mitochondria (M)and iami* 
nar dense bodies (LB). Scale t»8r, 2 iim. 

METHODS. AO-jinvthick vibratome secdons were Incubated oveml^t 
at 4 with the following antibodies: R1280 (1:1,000) In combination 
with polyclonal anti^ynaptophysin Ind and b (1:150; Dako) or 8£5 in 
c (7.0 pg mi~^; described in Rg, 1). For d~g, sections were incubated 
with antl-synaptophy^n or monoclonal anll-MAP 2 (1:20, Boehringer- 
Mannheim). and reacted with a goat anti-rabbit biotinyiated antib^ 
(1:100) followed by a mixture of FITO-conJugated horse antl-ntouse 




MAPZ 

Hippocampu;: 



y\e^l:7S) and avidTn D Terals red (iTlOO) (Vector Labs). The douWe- 
" " Immbnotabelled sections were viewed on a Zeiss Axioven 35 micro- 
scope with attached laser confbal scanning ^stem MRC 600 (61^ 
Rad). The Texas red channel collected images of the R1280 (a. b. c) or 
synaptophydn (d, e) labelling and the FITC channel coflected synapto- 
physin (Sr b), 8E5 (c), or MAP 2{tgi labelling, Optical z-eections 0^ 
In thickness were collected from each region: details of similar image 
processing and storage are described In ref. 28. For Immunoeleetron 
microscopy, mice were perfused with saline followed by 2.0% para- 
^ fbnnaklehyde and 1.0% glutareldehyde in cacodylate buffer. 40-^- 
thlck vibratome sections were Incubated with ftl280, and reacted as 
In Rg 2. immunotabelled sections with Afi deposits were then fixed In 
1.0% ammonium tetraoxide and embedded In epon/araklite before 
viewing ultrathin sections with a Jeol CXIOO eiecmn microscope^. 



also seen in another transgenic line generated from the PD- 
APP vector (line 35; data not shown), deposits of varying - 
morphology clearly were evident as a result of using a variety 
of antibodies, including well diaracterized human-specific 
A0 antibodies (Fip 2, 3) and antibodies specific for the free 
amino and carboxy lermini of A^ 1^2 (Hg. 3a-c). Serial sec- 
tions demonstrated many i^aques were positively stained with 
both of the latter antibodies. The forms of the deposition 
ranged from dififuse irregular types to compacted plaques with 
cores (Fig. 3). Non-transgenic littermates (Pig. 2b) showed none 
of these neuropathological diangcs. Immunostaining was fully 
absorbable with the relevant synthetic peptide (Fig. 2d), and 
was apparent using a variety of processing conditions, induding 
fixation with paraformaldehyde and Trojanowsld methods (Figs 
2, 3). Many plaques were stained with thiofiavin S (Fig. 3e). and 
some were also stained using the Bieischowsky silver method 
and were birefringent with Congo red (not shown), indicating 
the true amyloid nature of these deposits. Confirmation of the 
presence f extracellular A^ was obtained using immunoelectr n 
microscopy (Fig. 4A), The majority of plaques were intimately 
surrounded by GFAP-positrve reactive astrocytes (Fig. 2d), 
similar to the gliosis found in AD plaques. The neocortices of 
the transgenic mice contained diffusely activated microglial cells, 
as defined by their am eboid appearance and shonened pro- 
cesses (not shown). Preliminary attempts t identify ncurofibril- 
laiy tangles with tau antibodies were negative, consistent with 
tbirir well known absence in rodent tissues'*. Nevertheless, clear 



evidence for neuntic pathology was apparent using both conven* 
tional and oonfocal immunomicroscopy. Many A/J plaques were 
dc^y associated with distorted neurites that coidd be detected 
with hAFF-specific antibodies (Fig. 4c) and with aati-synapto- 
physin antibodies (Fig. 4b\ suggesting thai these neuxites were 
derived in part fjrom axonal sprouts, as observed in the AD brain 
(IHg 4a). The plaques compressed and distorted the surrounding 
neuropil (Fig. 44), also as in the AD brain (Fig. 4tf). Finally, 
synaptic and dendritic density were reduced in the molecular 
layer of the hippocampal dentate gyrus of the transgenic mice. 
This was evident by reduced inmiunostaining for the presynaptic 
marker synaptophysin (compare Fig. 4Jand e) and the dendritic 
marker MAP-2 (compare Fig. 4/ and g), as doscnbed in AD 
' brain'*. - \ '...--y'lj ' • 

: Several', transgenic rodent lines have been produced that 
express cither the hAPP gene or hAPP complementary DNAs 
regulated by a variety of promoters*''*'. In particular, NSE- 
dr^en AFP751 transgenic mice^''^ have sparse A^ deposits which 
are more typical fearlyAD and young D wn*s syndrome cases; 
in tiiesemioBy unlike ours, mature lesi ns such as frequent com- 
pacied plaques, neuntic dystr phy and extensive ^osis were 
very rare'°. Our success in generating AD-like pathology consist- 
ently in these transgenic mice is probably due to the construct 
used and the high level of hAPP expression. The transgen con^^ 
tains a splicing cassene that permits expression of all three major 
hAPP tsof rms. Expression is driven by the PDGF-^ promoter, 
which is known to target expression preferentially 10 neurons 
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of ihc cxjrtoL hippocampus, hypothalamus and cerebellum of 
transgenic animals' The familial AD mutation at residue 717'' 
may be importanl as il partially shifts production of \0 from 
the 40-amiii -acid form to the m le amyloidogcnic 42-residue 
peptide known to predominate in plaques'*"". Preparation of 
APP transgenic mice independently harbouring each f these 
features will be required i identify the essential componcnt(s) 
that result in pathology. 

The most notable feature of these transgenic mice is their 
A Wieimcr-like neuropathology, which includes extracellular A/? 
deposition, dystrophic neuriUc components, gliosis and loss of 
synaptic density with regional specificity resembling that of AD. 
Based on the limited sampling to date, plaque density appears to 
increase with age in these transgenic mice, as it does in humans , 
implying a progressive A5 deposition that exceeds its clearance, 
as also proposed for AD . Oui transgenic model provides strong 
new evidence for the primacy of APP expression and A^ deposi* 
tion in AD neuropathology and offers a means to test whether 
compounds that lower A^ production and/or reduce its neuro- 
toxicity in vitro can produce beneficial effects in an animal model 
prior to advancing such drugs into htmian trials. □ 
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Gating of the voltage- 

d pendent chloride channel 

CIC-0 by the permeant anion 

Michael Posch, Uwe Ludewig, Annetl Rohfeldt* A 
Thomas J. Jeiitscht 

Centre for Molecular NeuroWolo© (ZMNH), Hamburg University. 
MattJnIstrasse 52, D-20246 Hanr>b ur&> Germany 

CHLORiDf: chaniiels of die GC fainlly are important for the control 
of manbrene cxcitaWlliy ccO volume regulatton*^, and possibly 
transepithdial cransport^^ Although bcklng die typical voltage- 
sensor found in cadoo cbanne)s^^ earing of GC channels U 
deariy vi^ge^ependem. For die prototype Torpedo channel 
aC-0 (refe 11-15) we now dnt channel opening is strongly 
fadlitaced by extotal diloride. Other less pomeable anions can 
snbsritnte for chloride widi less efficiency. QC-O condoctao^ 
shows an anomalous mole fraction behaviour with Q'/NOj 
mixtures, so^esting a muhi-ioD pore. Gating shows a dmOnr 
anomalous behaviomr, dghtty linking permeation to gating. Elind- 
ladng a positive duu^e at the cytoplasmic end of domain pi2 
changea Idnetics, concentration dependence and balide selectivity 
of gating, and alters pore properties such as ion sdectivityt 
sfaigle<l»nnd coodactance and recttflcatioo. Taken togedier, our 
resoles stroosly soggest dut in tbese diannels voltagcnlep^Klent 
gating is coofOTed by pmneatittg ion itself , acting as the gating 

charge. 

The Torpedo electric organ Cl"<hannel ClC-0 (ref. 12) has a 
'slow' gale operating on both pr lochanncls of the double-bar- 
. relied channel*^ simultaneously, and a 'fast' gate acting on 
single protochannels'^**. Both gates have opposite voltage- 
dependence, wth the fast gate being opened by depol rization. 
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ClC-0 was expressed in Xenopus oocytes and the fast gate was 
studied in isoladon (Fig. Iff). The dependence of the steady-sute 
open probabiUty, p^^, on the transmembrane voltage Kcan be 
described by the Bolmnann distribution ^opRi= V 
(l-hexp(WK,/2-nAn) (where is die elerncntary 
charge, Vi^v& the voltage of half-maximal acdvation. * is the 
Boitzmann constant, and T is die icmpcraiure) with a nominal 
gating charge r^-- 1 in agreement with earlier data'* Qjnsisi- 
cni with single^hanncl measurements'^ **, gating kinetic indi- 
cate a two-state gating mechanism. Reducing exuaccUular C\ 
concentration ([Cflo) shifts Po^iV) to positive voltages 
without significandy changing its slope (the gating charge) (Fig. 
\h). In convast, intracellular chloride has litUe effect (Fig. Ic). 
A dependence of OC-0 microscopic gating transitions on the 
a~-gradient has already been noted' ^. 

Tke dependence of gating on (O'lo could be due to a simple 
mechanism in v^^ch channel opening depends on chloride 
binding to a site widiin die pore; Popm should then increase with 
[a~]o and with positive intracellular potentials. IntraccUuiar 
chloride has littie effect on gating, because it cannot reach its 
binding site in the closed state. 

The simplest model assumes that chloride-binding to a single 
site in the pore is required for channel opening' . Although it 
may serve as a. first approximation to aur data, the shift of 
Po^ with [O'lo is -20% less than minimally predicted^ . This 
suggests that diis model is either principally unsuiied to explain 
ClC-0 gating, or that it needs funher refinemcni. 

The pores of many channels, including cciuin chloride 
diaiineU'*. .CBn accommodate more than one ion, leading lo 
concenirati n-dependent interactions within the pore. In a 
single-ion pore, conductance change monoi nously wheii the 
concentration ratio between two permeant ionic speaes is 
varied; in a multi-ion pore, however, interactions between 
different spedcs can lead to a cuncni minimum at a certain 
conttntration ratio, an 'anomalous mole fraction 
behaviour'"*-''. We indeed fouod tiiis effect wiUi mixtures of U 
and NOi' (Fig. 2Z>). indicating diat QC-O has a multi-ion pore. 
Thus, a mod 1 having a singl chloride-binding site" may be too 
simplistic. 
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